MeV/amu that were not accompanied by an increase in C so that O/C>20 and He/O-I (e.g. McDonald et al. 1974 ). This O/C ratio, subsequently found to be >50 below 10
MeV/amu (Mewaldt et al. 1996) , is truly anomalous in comparison to all other known heliospheric and GCR sources where O/C is between 1 and 2.5 (e.g. Meyer 1985 Meyer , 1989 Reames 1995; Lund 1989) . The early observers coined the name "anomalous cosmic rays" for this quiet-time particle population with its anomalous abundances and spectra before the origin of the population was known. ACR observations in the inner and outer heliosphere have been reviewed recently by Klecker (1995) and by Cummings and Stone (1996) , respectively. Fisk, Kozlovsky, & Ramaty (1974) advanced the explanation for the source of the ACR He, N, O, and Ne that still persists today. Elements with a first ionization potential (FIP) greater than that of H are neutral in the interstellar medium just outside the heliosphere while those with lower FIP are ionized. The neutrals freely enter the heliosphere while the ions are excluded by the magnetic fields convected outward by the solar wind.
As the neutrals approach the Sun, they can be photo-ionized, or charge exchange with the solar wind, so they are suddenly able to interact with the magnetic field and are "picked up" by the solar wind that carries that field. The pick-up ions have a velocity distribution function that extends from zero to twice the solar wind speed. The pick-up ions are eventually convected out to the heliospheric termination shock. Here, we now believe, they are preferentially accelerated because they have a higher average injection speed than the ions of the ambient solar wind plasma (Pesses, Jokipii & Eichler 1981; Lee 1996; Fisk 1996) . Ions with higher speed are better able to overtake the quasiperpendicular termination shock before being swept downstream. Finally, the accelerated ACR ions are modulated as they propagate back into the inner heliosphere against the flow of the solar wind.
However, the modulation of the ACRs is less severe than that of the GCRs because the ACRs are singly ionized and have much higher magnetic rigidity than the fully ionized GCRs at the same speed. The theory of Fisk, Kozlovsky, & Ramaty (1974) not only explained the observation of ACRs, but it also predicted the existence of pick-up ions in the solar wind many years before they were observed directly. (Mewaldt et al. 1996 : Klecker et al. 1998 ).
In the solar wind itself, M6bius et al (1985) made the first direct observation of He + pickup ions, but pickup H +, O +, N +, and Ne + were not observed until more recently (Gloeckler et al. 1993; Geiss et al. 1994) .
During the recent solar minimum, the ACR elements Ar and S were observed at 1 AU for the first time (Hasebe et al. 1997 ; Reames, Barbier, &von Rosenvinge 1997a; Takashima et al. 1997 Quiet-time periods were primarily defined to be 8-hour I_eriods during which intensities of 2.1-2.4 MeV protons were below 100 (m 2 sr s MeV) as in previous studies (e.g. Richardson et al. 1990 ). However, we also required that the intensities of 2 -4 MeV/amu
He ions be below 0.3 (m 2 sr s MeV/amu) l. The latter criterion was determined by plotting a distribution of the frequency of occurrence of 8-hour averaged intensities of He; the criterion was placed above the large peak representing the persistent quiet-time ACR He. This harsh criterion was deemed necessary to effectively eliminate the low intensities of ions from CIRs that have recently been observed (Reames et al. 1997c ).
In addition, times of impulsive and gradual SEP events were explicitly excluded, including a time several hours prior to the apparent particle onsets when "velocity dispersion" might allow unseen high-energy particles to be present (see Reames et al. 1997b ) before the low-energy H and He intensities increase.
The abovecriteria yield a total quiettime of 1.6yearsout of the 3.5 years,mostof it during 1996andearly 1997. The percentage of time thatwe find to bequiet is plotted in Figure 1togetherwith the intensityof anomalous O at several energiesaveragedover 27-day intervals. For muchof the periodthe O intensity wasfairly flat above8 MeV/amu but gently rising with time at lower energies. The onsetof the new solarcycle beganin late 1997and early 1998with an increasingnumberof both impulsiveand gradualSEP events.At that time, the probability of observingrareACR specieswassharply reduced by the combinationof an increasingmodulationof the ACR intensitiesand a decreasing percentage of time when wecould observethem.
A logarithmiccontour plot of the distributionof pulseheightsof ions accumulated during all quiet times is shownin Figure2. On the plot is a superposed energy/nucleon scalefor selectedvaluesfrom 3.3 to 20 MeV/amu for mostof the dominant elements. This plot showsthe elementresolutionand its energyvariationthroughoutthe study region. A total of 191,938O ions in the 3.3-20 MeV/amu interval were collectedduring quiet timesin our studyperiod.
Figure3 showshistogramsof the distribution of the deducedatomic number,Z, of eachion for threeenergyintervals. Severalcharacteristics shouldbe notedin thesehistograms. First, backgroundbelow O, althoughat a level of only -1%of the O peak,severelylimits our measurement of C, especiallyat low energies.To correctfor this backgroundwe haveessentiallydrawna line betweenminimaaboveandbelow C andcounted only the contribution abovethis line for the C intensity. A similar correction hasbeen appliedto N, but its effect is muchsmaller. Second,aboveNe the presenceof elements with odd Z, suchas Na, A1,P andCI may be seenin the dataabove5 MeV/amu. These species arenot resolvedbelow 5 MeV/amubut the dominantspecieswith evenZ arewell resolvedthere. Third, thereis no particularevidenceof backgroundaboveZ=10 andno reasonable meansto determineanysmallcorrectionthatmightbe necessary; no suchcorrectionhasbeenapplied. We revisitthe questionof background in section4.
ENERGY SPECTRAAND ABUNDANCES
Figures4 and5 showenergyspectrafor the dominantelementswe are ableto study. Figure4 showsspectrafor elementsthat havea clear ACR componentor a low-energy increasewhile Figure 5 showsspecieswith no statisticallyconvincing evidenceof an ACR component. Note that Mg and Si show a clear rise in intensity at low energies while C andFe do not. In Figure5 we alsoseea spectrumfor the sum of Ti andCr, labeledTiCr; the resolutionof theseelementscan be seenin the histogramsin Figure 3 . Thesetwo species,which resultfrom fragmentationof GCR Fe during traversalof interstellar material,show no significant decrease as a fraction of Fe at low energies. This indicatesthatthe low-energyFe is consistent with havinga GCRorigin. In the caseof C, while the backgroundcorrection is large at low energies,the flat spectrumis similar to thatof Feandthe Fe/C ratio is alsosimilar to thecorresponding GCR ratio.
Abundances of all speciesnear5 MeV/amuareshownin Table 1 . This is the lowest energywhere we can still estimateabundances of elementssuchas Na, AI, P and CI, so we havecompletecoverageof all listed species.Howeverthe low-energyACR componentsof Mg andSi, for example,arenot well established at 5 MeV/amu. Note thatcornparing intensitiesin the 3.3-4.0MeV/amu interval, S exceedsFe and the abundances of Mg andSi aretwice thatof Fe.
To removeenergy dependence from the abundances and determineabundances or limits for the ACR elements,we must correct for solar modulation. We have madea first-ordercorrectionusing the force-field approximation(e.g. Fisk 1974) ,also assuming that all specieshavethe samepower-lawspectrumat the terminationshock and that all aresingly ionized. We haveadjustedthe source-spectral power,13, the potential q0,and the normalizationfor eachspeciesto obtain the spectralfits (seeReameset al. 1997a Table  1 ,it is clearthatthe derivedACR relative sourceabundances areextremelyinsensitiveto thedetailsof the modulationcorrection,with the exceptionof the abundance of He which changesby a factor of -3 betweenthe shock andEarth. Also shown in Table 1 are the "standardabundances" of Grevesse, Noels & Sauval(1996) . Theseabundances are derived from meteoritic and solarphotosphericmeasurements and are believed to be our bestestimateof the abundances in the local region of thegalaxy.
Most of the upper limits shownfor the ACR abundances in Table 1 aredetermined becausewe are unableto distinguishthe presenceof an ACR componentfrom the GCR background.However,for the heaviest elements,especiallyKr, we seeno ions at all and we expectno competingGCR component. For Kr, we haveseenno ions at any energy, notjust near5 MeV/amu, andwe haveadjustedtheone-particleupperlimit accordingly.
Finally, we divide eachACR abundanceby the correspondingstandardabundance (Grevesse, Noels & Sauval 1996) shown in Table 1 ,andplot the result as a function of FIP in Figure7. Solid circles areusedfor measuredvaluesandopen circles for values that are probablyonly upper limits; error bars on the latter extendto the two standarddeviationpoints.
It is easyto understandwhy the relativeabundances of He andNe arebelow thoseof N, O, andAr in Figure7 in termsof the relative pickup probabilitiesfor thoseelements. Photo-ionizationcrosssectionsfor He andNe are muchlower thanfor the other ions. A full numericalcalculationof the ionization probabilitiesthat vary as R 2 with distance R from the Sun has been performed by Rucinski et al. (1996) .
BACKGROUND
One of the greatest concerns in the study of rare species at low intensities is the de- At high energiesit is commonto designparticle telescopesthat require 3 or more detectorelementsin coincidence.This redundancy can be usedto eliminatesomebackground causedby multiple particlesor by nuclearinteractionsof GCR protons. However, to retainour energythresholdand geometrywe would havehad to replaceour 48 single 17-micron,2-cm"_detectorswith 48 pairs of spatially separated8.5-micron detectors of equalor greaterarea. Suchthin large-area detectorsarenot feasiblewith current technology. Fortunately,however,the effects of nuclearreactionsare greatly reduced with the large-areathin detectorsthat are usedhere so the needfor multiple measurementsto eliminatethem is reduced. In short,LEMT wasdeliberatelydesignedto sacrifice redundancy in orderto maximizesensitivityatthe lowestpossibleenergy.
Backgroundresultingfrom inner-heliospheric sourcessuchas SEP-and CIR-related eventsis alsoat issuehere. It is easyto eliminate the large eventsby observingtheir time profiles,but small eventsarea seriousconcern. The cumulativeeffect of small impulsive-flare(3He-rich)eventshasbeenshownto affect quiet-timemeasurements, especially at solar maximum (Richardsonet al. 1990 ),andpersistentlow intensitiesof ions from CIRs have recentlybeendemonstrated (Reameset al. 1997c ). However, a largegeometryinstrumentis alsobetter ableto seeandeliminate very small events(seee.g. Reameset al. 1997b Reameset al. ,1997c . The lack of a low-energyincreasein the Fe spectrumin Figure 5, Table  1 and in changing open circles to solid circles in Figure 7 .
We have chosen the more conservative approach that evidence for ACRs must be fairly obvious.
After the reported observation of possible ACR S at I AU, ACR components of Si, S, and Fe (but not Mg) were reported from the Voyager spacecraft in the outer heliosphere (Stone & Cummings 1997) . Those authors suggested that the S intensity observed
at Wind was about a factor of 3 higher than that expected from the Voyager measurement if the radial gradient of S were the sameas that of O. However,this comparisonwas madeat 8 MeV/amu where our measurement may contain a GCR contribution and the intensity measurements on the two spacecraft camefrom different time intervals. We suggestthat our value of S/Ar --0.14_+0.05 derivedfrom Table I is well within the large errorof thecorrespondingvaluemeasured at Voyager i which is -0.1 with -50% errors. ForFe, thereis no clearevidenceof a spectralincreaseat low energiesandTi andCr areconsistentwith the abundances expectedfrom fragmentationof GCR Fe, not with the abundances expectedin solar, meteoritic or local galactic material. The backgroundcorrectedspectrumand abundance of C is also consistentwith a GCR origin, as is the Fe/Cratio. However,instrumentswith betterbackgroundrejectionthanLEMT might be betterableto resolvean ACR component of C from the backgroundat a level of -1%of O. Mewaldt et al. (1996) report an ACR componentof C with C/O=0.014_+0.009 from SAMPEX and0.020-2-0.004 from Voyager.
Interestingdifferencesexist betweenthe spectral andabundance observationsof Mg, Si, andFe at Voyagerandat Wind. However, attemptsto explainthosedifferences,and to identify the origin of the particles,are somewhatspeculativeand areprobably premature atpresentlevel of statisticalaccuracyof the measurements. Mg has been omitted from the figure for clarity; its spectrum is similar to that of Si. 
